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SYSTEM AND METHOD FOR LASER 
ULTRASONIC BOND INTEGRITY 

EVALUATION 

This application claims the bene?t of US. Provisional 
Patent Application Ser. No. 60/068,362 ?led Dec. 19, 1997. 

GOVERNMENT RIGHTS 

The US. Government has limited rights in this invention 
pursuant to contract No. N66001-95-C-7021 betWeen the 
United States Navy and SimpeX Technologies, Inc. 

FIELD OF THE INVENTION 

The present invention relates generally to an apparatus 
and method for determining bond integrity (adhesion status) 
of joined materials at a micro-level. 

BACKGROUND OF THE INVENTION 

There has been a long-felt need for non-destructive 
inspection methods that can be used to determine the integ 
rity of a bond betWeen tWo items. This need has been felt 
particularly in the case of bonds formed at the micro-level. 
The micro-level can be de?ned as involving at least one 
material With a dimension on the order of 0.005 inch or 
smaller. Such inspection methods might be applied to testing 
ball and Wedge bonds, thin coatings, circuit traces, ribbon 
bonds, solder balls, surface mount components, PIN grid 
arrays, and MIMMs commonly used in microelectronics 
interconnects. The materials joined in these applications 
include, but are not limited to, silicon, silicon carbide, 
aluminum, gold, gallium arsenide and the like. 

For example, ball bonds used in connecting silicon Wafers 
to external circuits through very ?ne Wires are typically 
tested, if at all, according to military speci?cations Which 
require a pull test of each bond. This test is performed using 
a machine Which sequentially hooks each Wire and applies 
a predetermined pulling force to determine Whether the 
associated bond Will hold. This technique has signi?cant 
limitations. In particular, the inventor has discovered that if 
this test is performed repeatedly on the Wires of the same 
device, an increasing number of Wires typically pull loose 
With each succeeding test. This result implies that the test 
does not truly qualify as non-destructive. That is, each 
application of a pulling force to a Wire Weakens its bond and 
repeated testing Will actually break the bonds. It is possible 
that a bond might pass a single pull test of this type, but that 
the test Would leave the bond precariously connected and 
destined for failure in the ?eld When subjected to ambient 
vibration, shock, or temperature variations. 

In the case of bonds having larger dimensions, such as 
pipe seams, Welds used in automotive and marine 
manufacturing, etc. various X-ray and acoustic techniques 
have been applied to analyZe the condition of an interface 
betWeen tWo items. Laser ultrasound techniques have also 
been proposed. For example, US. Pat. Nos. 4,659,224 and 
4,966,459 to Monchalin, US. Pat. No. 5,081,491, to Mon 
chalin et al., and US. Pat. No. 5,137,361 to Heon et al. 
disclose the results of early research in this ?eld. US. Pat. 
No. 5,103,676 to Garcia et al. shoWs a further method of 
laser ultrasonic process monitoring. 

Laser techniques have also been considered for use With 
smaller bonds such as those found in semiconductor circuits. 
US. Pat. No. 5,201,841 to Lebeau et al. proposes a thermal 
gradient technique, and Japanese Patent Publication 62-7198 
(Jan. 14, 1987) by Hitachi Research Corp. appears to pro 
pose a laser technique. 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

65 

2 
The inventor’s prior US. Pat. Nos. 5,420,689, 5,424,838, 

and 5,302,836 disclose lighting methods and apparatus 
useful in small-scale laser ultrasonic measurement. US. Pat. 
No. 5,535,006 to Siu et al. builds on the inventor’s earlier 
Work and discloses a method of evaluating integrity of 
adherence of a conductor bond to a substrate. 

HoWever, as far as the inventor is aWare, none of these 
prior systems has provided an effective alternative to pull 
testing of Wire bonds, or an effective method for analyZing 
thin ?lm coating integrity at the micro-level. The results 
produced by the systems disclosed in the inventor’s oWn 
prior patents, While encouraging, Were not consistent enough 
for industrial application. 

Thus, there is a need in industry for improved methods 
and systems of this type that Will provide repeatable, 
accurate, and truly non-destructive testing capability. 

SUMMARY OF THE INVENTION 

Therefore, it is a general object of the invention to provide 
an improved system and method for determining the bond 
integrity (adhesion) status of adjoining materials using laser 
ultrasonic techniques. 

It is another general object of the invention to provide an 
improved system and method for determining the bond 
integrity (adhesion) status of adjoining materials using a 
pulse laser Which applies heat onto the surface of interest, 
resulting in generation of a thermoelastic propagation 
(surface, bulk, air Waves or combination thereof ) in all 
directions from the pulse point, Which can be detected using 
a stabiliZed continuous Wave laser using interferometric 
techniques. 

Another broad object of the invention is to provide an 
improved system and method that is particularly adapted to 
nondestructively test and evaluate the thickness and/or uni 
formity and adhesion characteristics of a thin coating of 
material applied to a substrate. 

Another general object of the invention is to provide an 
improved system and method that is particularly adapted to 
nondestructively determine the bond integrity of joining 
materials at the micro-level, such as microelectronic 
interconnects, ball bonds, Wedge bonds, circuit traces, sur 
face mount components and MIMMs . 

It is also an important object of the invention to provide 
an improved system and method for analyZing thermoelastic 
propagation signatures, single or in combination, to interpret 
bond integrity (adhesion) of adjoining materials, and deter 
mine Whether they are fully bonded, partially bonded and 
touching yet non-bonded. 

Another useful object of the invention is to provide a fully 
automated bond integrity determination system With par 
ticular applications in inspection and testing in microelec 
tronics manufacturing processes. 
An additional object of the invention is to provide 

improved operational timing and signature gathering meth 
ods and apparatus for use in a laser ultrasonic measuring 
system. 

It is also an object of the invention to provide a laser 
ultrasonic measuring system With a vastly improved signal 
to noise ratio for detected Wave propagation signatures. 

Afurther object of the invention is to provide a method for 
correlating surface Wave propagation to bond integrity in the 
conteXt of a bond testing system. 

These objects and others are achieved, in a preferred 
embodiment of the present invention, by providing a pulse 
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laser and a continuous laser detector forming a cause and 
effect sensing device. The pulse laser sends a single or 
multiple pulse(s) of controlled magnitude and bombards the 
object of interest causing a thermoelastic excitation 
response. This excitation in turn induces an ultrasonic propa 
gation along or through the surface material. By detecting, 
capturing and interpreting these thermoelastic propagation 
signatures, the attachment condition of the joining materials 
is determined. The technique is a signi?cant improvement 
over traditional mechanical pull, shear or contact type tech 
niques. The object need not be contacted by mechanical 
means, the excitation is much gentler than that required in a 
contact test, and the speed of the test is much faster than 
other automated manufacturing process, making it suitable 
for real-time process control purposes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW of a microelectronic ball bond shoWing 
the application of a pulse laser and detection laser for 
signature analysis. 

FIG. 2 is a schematic diagram of an optical system for 
evaluating bond integrity according to the present invention. 

FIG. 3 is an illustration of a ball bond Which has an 
ablated surface due to highly localiZed laser poWer applica 
tion. 

FIG. 4a is a vieW shoWing the application of a pulse laser 
beam spot much larger than a ball bond to be tested, and 
FIG. 4b is a graph shoWing the amplitudes of a resulting 
surface Wave and shock Wave, respectively. 

FIG. 5 is an end vieW of a preferred embodiment of a 
poWer control assembly according to the invention; 

FIG. 6 is a side vieW of a pulse laser calibration and 
synchroniZation apparatus according to the invention. 

FIG. 7 is a timing chart shoWing the effect of a variable 
delay in component response to a command to activate the 
pulse laser and data capture on the identi?cation and col 
lection of data. The variation in response time is very large 
compared to the WindoW during Which useful data may be 
collected, making it dif?cult to select that WindoW. 

FIG. 8 is an optical schematic diagram shoWing details of 
the detector laser transmission on detection optics. 

FIGS. 9a and 9b are side vieWs shoWing an alternative 
embodiment of the invention Wherein bond integrity is 
detected by applying a laser pulse adjacent to a bond and 
detecting the resulting surface Wave on the substrate on the 
other side of the bond. 

FIG. 10 is a top vieW of a ball bond shoWing another 
alternative embodiment in Which the intermetallic structure 
of a bond is analyZed by collecting vibration propagation 
data at a plurality of points around the bond. 

FIG. 11 is a diagram shoWing the operation of the 
invention’s static mode for setting sensitivity of the inter 
ferometric circuit. 

FIG. 12 is a diagram shoWing the operation of the 
invention’s dynamic mode for setting the of the interfero 
metric circuit. 

FIG. 13 is a graph comparing responsivity of a silicon PIN 
photodetector to a Gallium Arsenide PIN photodetector for 
various Wavelengths. 

FIG. 14 is a graph shoWing sample bond integrity signa 
tures for non-bonded, partially bonded, and fully bonded 
cases respectively. 

FIG. 15 is a simpli?ed bond integrity signature diagram 
shoWing key analysis points for the Waveform. 
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4 
FIG. 16 is a schematic diagram of a preferred embodiment 

of the signature analysis system according to the invention. 
FIG. 17 is a ?oWchart shoWing the operation of an 

automated bond integrity testing process. 
FIG. 18 is a top vieW shoWing energy dispersion of single 

pulse laser and detector laser footprints. 
FIG. 19 is a top vieW shoWing energy dispersion of a Wide 

or multiple pulse laser footprint used in an alternative 
embodiment. 

FIG. 20 is a side sectional vieW shoWing the application 
of the laser ultrasonic techniques of the present invention to 
analysis of a thin coating. 

FIG. 21 is an exemplary graph of Rayleigh Wave velocity 
versus frequency for various thicknesses of a thin coating of 
aluminum on a silicon substrate. 

FIG. 22 is a top vieW of an alternative embodiment of the 
invention Which uses a curved pulse laser spot to create 
surface Waves focused on a single detection point. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention Will be described ?rst in terms of an 
embodiment Which is particularly useful in a variety of small 
scale bond testing applications. Such inspection methods 
may be applied to testing the bonding integrity of any 
materials at the micro level. The bonds tested may include, 
but are not limited to, ball and Wedge bonds, thin coatings, 
circuit traces, ribbon bonds, Welds, solder balls, surface 
mount components, PIN grid arrays, MIMMs, and various 
types of adhesion media and methods commonly used in 
microelectronics interconnects. The materials joined in these 
applications include, but are not limited to, silicon, silicon 
carbide, aluminum, gold, gallium arsenide and the like. 
One such application is the testing of the connection of a 

microelectronic ball bond or other small bond to its bonding 
pad, and the ?rst embodiment of the invention Will be 
described using this application as an example. FIG. 1 shoWs 
substrate 102, on Which bond pad 104 is mounted. A bond 
Wire 106 is connected via ball bond 108 to bond pad 104. A 
pulse laser beam 110 is applied to ball bond 108, While the 
re?ection of detector laser beam 112 is used to detect 
vibrations propagating through substrate 102 as a result of 
the application of pulse laser beam 110. 
The tWo laser beams are applied through a complex 

optical system Which is shoWn in schematic form in FIG. 2. 
This optical system has tWo main objectives. One is to direct 
and focus the pulse laser beam 110 to the intended target 
such as ball bonds, Wedge bonds or interconnects. The 
second objective is to direct and focus the detector laser 
beam 112 to pick up the propagation Waves generated by the 
pulse laser beam 110. 
As illustrated in FIG. 2, the optical system of the preferred 

embodiment includes pulse laser 1, mirror 2, beam expander 
3, poWer adjustment 4, beam splitter 22, synchroniZation 
photo detector 5, laser re?ector 23, focus lens 24, density 
?lter 25, video camera 6, laser re?ector 20, objective lens 7, 
part table 21, quarter Wave plate 12, polariZed beam splitter 
11, half Wave plate 10, beam expander 9, detector laser 8, 
cutoff ?lter 19, polariZed beam splitter 13, focus lens 17, 
photo detector 18, quarter Wave plate 14, interferometer 15, 
and photodetector 16. The function of each of the compo 
nents Will noW be explained in detail. 

Pulse laser 1 is preferably a 1064 nm Wavelength pulse 
laser With 10 nsec. pulse Width (pulse duration) and pulse 
repetition rate of 100 HZ (100 times per second), is capable 


















